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MEDITEREANEAN IMET: APREcCIOUS TOOL FOR
FIGHTING INFLAMMATORY DISEASES
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Olivia B. Pereira™ - * and Susana M. Cardose™
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Institues of Coimbm, Bencanta, Coimbra, Pormogal
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ABSTRACT

Epidermiological smdies indirate that populations oo comstme: foods rich in specific
pobyphancls by lowsr mridencs of inflammeiory dissases. In o, Medimenoan dist,
cleimed for it wewral health benefin, provides a wide rmge of foods which are
prtvculaiy emniched soomces of polyphemol. some of which knoem for their anb-
inflarrmtery proparties. In ths contort, vamioss barbs, vegetable: and frait, as wall 2
Suit detvative producs, wmch 2o wine and vingin olive cidl e belwned m ke 2z
mp-u.'h:tmhpuﬁﬂmgudermhmhm;mﬂmlmymﬂum through et

-, they are sooag candidaes for anti-inflarraiory Smgs.
]:n.n'nnm'.!] the anti-inflanmmadory propartios of pobyphanols molve the modnbtion of

pro-indflammmtory pans expreson mchiding cycloorysansa, lqlur:,-;gu.mq-,n:l:ln:m.h
symthames and soveral piveml cyiokines sch s THF-n, imbardeukim-] (TL-1) and

mmmrleukin- (TL-§), mainty by acting tromgh mclear facior-+di (WF-«5) and mitogen-
activaied profin irass (AAPE) gzmaling

Since inflimmation is a phenoremon present in mey chronic diseses mehnding cancar,
dizheius, obeadty, and cardimesculer diseass, the modolstion of fe aforsoentioned
ks by pohyphanols ooy posithvaly commbrete: for the proventicn and or amalicration
ofthase dissamss.

The prewent chapeer forms vazicus edible Meditarramean typical foods knowa for thedr
vt -mflammatery propertios, 2 wall as the main phome-Bic comtiteat: auocixted o the
protection process and their mndartying mechsnism: of acion

* Cormaponding muthor- Soasza M. Cardoss. Pl scandosc{Siensc p
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INTRODUCTION

The Meditermanean Diist (MTChiet], 2 moden meirtons] recommendation inepired by the
traditiona]l distary patmrms of Medimrmoan basin located cownmties, inchnding Crostis,
Cyprm, Gresce, Inly, Meorocco, Pormgal and Spain, was recognized i 2003 by THESCO
an [mampiblis Cnlteral Haritaga [1]-

MThet is knowm to contibmte for an adeqmate consureption of metmients and has bean
closaly associated fo the low commmance of chromic diseasss such as cancer, dizbetes, obexity,
and cardiovancalar diseaws. One of the key slemsent: for the claipsed benafits of this diet i its
wide rzage of fuit and vegebles, as well 2 &t dedvative produch, such as wine a=zd
virgin alive of (W00

Indeed, MTHet conmins an ample source of components of prowed heald banefit affects,
among which omega-3 facty acikds, olsic acid and phenelic commpounds hold a prozsinent place

2, 3]

In particular, phenobic compeends hae besn shown to imract with 2 wids spectam of
molecular targets involved o the cell signaling machimery, imcleding those of the
inflapsmnatory processes. In this scezaric, phenolc compeund: are mot cnly able to mescus
oxidative reactive species, ¥ they alse modulate the activity of pro-inflammsdory eorymes
and that of signalmg prodeins and temscrpton fctom [4, 5]

The presemt review focos on typical MDist phenolic compounds amd their rget
mechawisens of the inflammatory process.

1. THE INFLAMMATORY PROCESS

The nflamp=atory precess is 2 complex and coordinated irsmmelogical responss of the
organises to a viral or bactarial infoction, or fo an intemnal njery [2]. This compromizes fwo
diztinct, yet kighly related and dependant processes: the nzate or wmpecific Imevemity 2nd 2n
acquined, or specific imsmmity. The frst is fast and &= actvaied by a barge mamber, though
limited, stimmb. It s present in all indrvidnals 2nd It is composed Df]:lh.\'HHL chemical and
hiclogical barmiers. specialized cells and soluble molecules. In torn, the actiration of adapive
immne system canwes the ncement of microhial-specific lenkocytes, a process that is kighly
effective and specifc, but that taies duys o folly develop [6]

Table | resumes the cells 2nd prolocales of the tzmate system. Both circulating calk ia,
thowe that are found in blood circalation and then mdgrate o the infliemation site 1is the
acton of several mediztors (eE., mozocyRs, which later difersatate o macrophages) and
resdding cells, L., calls that are found in the extacelllar marix of the coganium and am
actvated the presemce of an mjury (&g, cacrophages, st cells and dendritc cellk), express
in thedr serface Patiem Recognition Receptors (PRE). The latter dewct hoth sxcgenom amd
sndogenons  antigens. In particoler, the emopemoms amtigens (eg., Doclaic  acids,
carbobndmies] fom pathogenic agants am detected by Pathogen-Associrted Belecniar
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Paticons (PAMP:) 2nd the endogenous cnes from injured or damaged cells ars detecd by the
Damage-Associbed Molocalar Pattorms (DAMPS) [7].

Whan activaied, the PREs chigonswrize and forns brge compleses composed of vanous
subemits. Thowe compluxes then inifiae sipmaling cascades that wizger the producton of
several factom, causing the recmitmeet of spectfic leukocyss (adapthve imwmme response)

).

- Once the signaling cascads i actvabed, theme ame several changes in the wasculyius of
the injured/'dimaged fume which snd wp in increased blood fow and serem proteins o the
extracalnlar arsa Thewe events crose the visble hallearks of inflampation, ie., calor
{warmth), rebor (Tedness), mmor (serelling) and dodor (pam) [2].

The mmtensity of thowe hallmaries can b increased by the acqnired momune systans calls,
though primary signals that st and resclve them are asscciaed with the inzate impvene
wysiem [§]

The wignaling caecade comprises different steps: the pmsences: of infla-meation mdnoers;
the recogmifion of said mducers; a sigmal tramsductiom that leads o the melease of pro-
inflamsmatory cyiokings: the activation of mflasma-tory efeciors. Thew efeciors will then
tawse the pelariration of the inflamsmation, ie, e actvation of T cells, which &5 followed by
the resolution of the nflaremation

Table 1. Innate Immune System Molecules and Cells

Innate Immmme Syeses Calls and Molecales
Demdritic Calls
Fhagooytc Macrophage:
Hezmphils
Call Materal Eillar (HED) Calls
Mastcalls
Basophils
Ecsmophils
Complament
Arztg Phane Proming
Moleoales Coyinkines
Charcking:

Thare are two stages of inflameatory maponse: the acute and the chromic flammation.
The acute phase of inflame=ation starts Imeediately upon mury and mpidly mms severs but
notably, it hists only for a short period and & msmally beneficial to the host, ending up n the
resohition of the nffansmatory ewent However, D some cases the inflhywmadion bsts longer
than i should and the chmooic iflammation i settled, s predispesing the bost to vadous
inflap=matory patholegies [2].

All the ewenits of acete and'or chronic inflaematicn are mediated and confrolled by
chemical medistors which are prodeced by both maiding and circelating iwmne systany
talls, after a mecogmition of a pathogendc or Injury ageart.

Medmtor b a very short life 2nd am highly regalated by sevaral mechamises sz
sanrymatic degradaticn) bowever, before being destoyed, medixiorn exarcise therr acthify
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through dimect binding to receptors oz different cell fypes or, altamativaly, via a direct acton
that doss not require binding o eceptors [8].

Undowbindly, mmor necrosis facior- {THF-x) is ons of the most imsporied regnlybory
mediaters of the inflamematory cascade. This cyiokize (ie. peptide with low melecular
waight that isprodeced by several momune sysem cells in meponss to 2 stovals) & o=
tranmopsbrang proted of 26 kDA, Notably, this s molessed i it actve fomm {17 kD), ina
proces: that is stricty megnlated by an onryme called THF-o activating comsrting anryme
{TACE, a dizintegrin metalloprotemasa that is bound to the mambrang) [9].

Cug to the centmal figers of THF-a, sewral inflammaiory discases (o.g., asthms, cystic
fibrosiz, themmaroid arthritis, atherosclemads and ovteoporosis) start to manifost when this
deregalazed

The pro-inflammasery effecty of THF-a aru mamby due i ahility to acthate NF-aB [10],
ie., a enscrpton factor that is pressnt in all moremstian cells. This pathemy i actveied
upea lizkage of THE-a to the THF-Bacsptor 1 (alse found i all cell fypes of the crganism),
which has a cytoplasmic “death domaim™ that mecmuits several proteins (Figure 1) When the
recruited protuin is TRADD (THF-recepior associamd death dosmim) the lvtter forther
recruits TRAFI (THF-recepior-associated factor) The TRADD-TRAF? complex them
actvates IEE (IkBe Kimace), in a process mediatkd by the recoptor-intaractng protedn (RIE)
and in tarm, this phosphorylates hifw. Phosphorylation of kBa comses i 0 bo a target for
nhignitation. This pathweays destroys InfBo and mleases MEF-«B, allowing it to hind DNAS
promoder or enhancer regions., cansing an mokease o the sopression of some pemes, lils THE-
 isalf and othars that play key roles in mflammation, sach as cyclooxygenase-2 (COX-2), 5-
lipo-xygezase (3-LOX), inducible nimic oxide synthass (E290F), cell-adbesion molecales
{CAM) and other nflasmmatory cytolones []

Metably, COX-Z and 5-LOX am piveal plavers in the amachidomic acid pathweany,
respectvely conirolting the hicwynthesiz of pro-inflarmsiory eicosanoids and of leskodriones
[comidered a5 potext mediytors Locally muleased at the inflampeatiom site by leckocytes and
othar 5-LOX cxpressing cells) [11]. The up-regelation of iNOS deeply imcroaes the
productica of M0 in cells, mainky in macrophage: and eadotholial cells, This ageat i
cyiotoodc (e olling foreign agents) and is alvo closely asworised to vasodilabtion deing
inflapematicn [E]. BMorecvar, CAM:, namaly intarcellnlar adbesicn msoleculs 1 (ICAM-1),
vascalar adbesion molecnle 1 (WCAM-1) and selectns [4, ¥], rognlate the hinding of calls to
extracalinlar pati, to endothelial calls and to other calls [9, 12].

In temm, the activation of TRADD-TEAFD by THF-o caz also prozots the mcuitment of
othar protaizs which comiribube fo infhemation throogh ege-dation andfor acthation of 2
series of cellsignalling medizmrs, mohnding the JNE (c-fun amime termizal kinase)
pIEMAPE (p38 mitogen actvated protein kinase), AET kimase AP-1 (Acthvator protein-1)
and p4pA2MAFE (FRE, 1) [¥].

We mmst also remark that thare are many ofher imsportast cyiokines bosides THF-o.
Indesd, the inflammatery process snclowes more than 1080 differsnt types of cytoldnes. THF-x=
and other pro-inflamesytery cytolones like IL-1f, IL-5, IL-18, Interfarco~y (EdF-¥)) are up-
Tegalyied in the nflamed orgam s mes trgether with soms: ani-nflammartory cytoldnes (&g,
IL-10, Inseling-lke growth factor and insulin meceptor acthvatbion) which imhikir the
production of inflammeation [9, 13].
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Figmre 1. THF-a end NF-xB patways in the inflamsatory process. TACE { THF-acDnvatsg convering.
ENIPE] SEOViDy citses the relese: of de memshrane Sound THF -, thos becomeng scdable. THF-@ then
binds by the TRIFR (THF Reeponr) which cies the recruiting of TRADD | THF-recepior-sssociaged
deay doman), RIP (Receplor-imemeting protein) nd TRAFZ [ THF-secepior-eaocaizd fasior). The
enmples scniviie [KE {luBa K s} that ultimaiely phosphoryines 8o ad marks i be

vil the proleimomes pathway, Thes degradation fress NF-af, allowsng it o megraie o the mcleus where
it birads o ez urdliam resgacd. WF-ull con ales be ativaied by
|:-J|.|=|l:n‘lp.!il.h.!ﬂri:I

wither pathwins, nemely AET, s

1, WINE

Moderate md wine consempton, in particelar at meals, is oo of the madn labels of
MDDt Indeed, hizh fat commmption yet low moidence of comomary heart dissass & a mealify
found in southern Framos known as the “French paradex”™, which places wine iz a high levsl
of sciuntific mtemest [14].

At presant, it v bebisved that polyphencls are key agents m the probecttes propertes of
thiz alocholic bevemage [15]. White and, = particular the red wimes, are mich soomces of
pehyphezolic compomnds (we Tabls I) with remarkabls antioxidant and aati-inflammatory
properties. Ant-mflarmaiory properties of red wine kave been proved in zn v wivo bemen
modal of coropary high-risk volmtears. In more detil, Chiva-Elanch et 2l. [17] showed that
the administration of red wize and dealccholized red wime (both from Merlet grapes) o the
volmisen mduced several semm mfbhmmatery markers. Both samples sigmificanthy meduced
the lewuls of menocy® chemsotactic profedn (MCF)-1, the cyiokine IL-§ and IL-16, the
sdhesicn melecnlos [CAM-]1 and VCAM-1 and of CT40 antigen Whils decrement of E-
saloctin and mmcrement of [L-10 were mor proncunced on patient conseming dealcobolized
wing, meduction of macrophage-dartmed chemokine was observed in patients admindstraded
with normal wing, suggesting that either ethanc] 2nd polyphenols comtribute fo the wine s
anti-mflammatory propertiss [17].
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Takle 1. Eeladve Phenolic Comcent of Ked Wime

Phamolic groap Componmd Comtent {mgL)
Cramrceiin 1278
) Facastarol [
Flavazels Whmicstn 123
Madhide-3-ghcoside 47
Poczidin-3-ghicoside 18.0
Anthocyaning Pehmidin-3-ghicasds R
Cyanide-3-ghicoside ED
Dilphinidn-I-gacomids T0F
Camchin M0
Flman-3-ck Epdcatechin +.3
Procyemidio 250
Protocatechnc acd EED
Hydrobaneodc acids [ el acd (31
Syringic acd 1.5
Caffeic acid ET
Caftemic acid e
Hydrorycinnaomic acids | Comtasic acgd 2
[ Famubc acid 1
p-Cioremmic: acid 7
ERT Basvarairul | I
Tabie sdapizd Toom Beer et al |16

“Taese are pverags valoss thal cam vary depending of e wane Brand and aging Dee

The antioxidant and ant-inflammatery properties kave also been depsonstraizd for wine s
phenolic-anriched extracts. In accordemce o the greater phenolic comtent of md wimes
regarding that of white wines, Xanthopoulou et al. [14] proved that the antoxidant and ant-
inflammaiory properties of phenclic extracts obfaimed from red wine comfermed superior
promction against lipid perowidation and Dpoxygenzes actvity. Momeower, it bas besn
ohsarved that lpopolysaccharide (LPS)-stimmlated bhemesn  coles-dered OCD-1BCo
fibroblast cells treated with red wine pheockc extact (fom Lemoir sapes) sgnificanty
reduced the gene sxpression of pro-inflamesatory cytokines IL-5 and THF-o. Likewrise, the
red wine sxtmact teatment also reduced the actnaton of NF-xB, which is respemibls for the
tramscripticn of thoss same genes [1E].

Figure 2 is a sinplified repressntation of the multipls inflammatory celbelar targets of
wing phemolics. A description of thess afects for indhridual phenolics & further detatled
heraizafar.

Among the phenolic copspoends of the red wins, mahvidis, mosthy n #z 3--f-ghacoadda
form, is the mwost abrandant and alvo respozmible for the red wine's color [1%]. According to
literature data, this anthocyamin iwteracts in distinet inflaomatory processes, capable to
directly tmpadr several mflarmatory medars.

On CD23-stmmixed bhemen mosoryie-derived macophages, the oat-meat with
mabvidin-3-(f-ghicoside (S0ph]) drmatically dean-regulated IL-5 secreticon (fom §2+24
1o 3420 ppiml) as well & the gene sxpression of THF-z, MIP-o (macrophags inflammmtory
protmin), IL-land IL-B {35-B6% mhikition) [20].Momeover, 2 dapsonstrated by Diescemdit ot
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al. [20], thiz phemclic &z able to meduce the INOE-medited MO prodecton by decreasing
trmscription of INOS ncoding mBMA [20]. Additomalty, the aghyrone foom of this phenckc
was shown to block &ie pS¥-wabmnit of MF«EB (necessary for acthaticn of the taascription
factor), as well a5 the binding of the actrramd NF-B to the comespondeat DA hinding sits
[21].

Besiden, Bognar ot al [21] decurenwd that pabvidin (at 50 pMM) opaired the MAPE
sigmaling patiaray, per order of effectvensss ERE, . <p38-MAPE<INE. and cohanced
MAFE phosphatase-] mEMA and protein expre-ssion tms down-megelating svery MAFE
stgmzling atapt.

Cyanidin and quercetin 2m also major phenolics in red wine: [19] tat can coniibets for
the wine s anti-inflarmatery effects. The fact it the foro compounds inhibit monocyt
adhesicn to THF-z-induced HAEC cells mggest that thess have ant-atherogenic propertes.
Baoth cyanidin and quercetn wers shown to efectwely attemuate VACK-1, IL-§ and CD40
sxprevuion while quercetin was alse able o wgnificantly atcomate ICAM-1 and E-wlectin
sxpressions [12].

Chisrcsin bas aleo besn demeonstated to exbibit potnt inhibitery effects on the thme
groups of cemitral inflameatory enrymes, is., INOS, COX and LOX, thes cansing a
sigmificant mducton oo both mENA and protein sopmeszion of eifber M08 and COX-2 and
comsequently, on thedr dertvative prodocts (N0 and prosaglandms PEE, mspectvely) [23.
24].
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Figure 2. Wine polyphencls may imgser inflassaeon by blocking sctivation of ssogen-activated
jprodes kinsses (MAFIS) and 108 laeses (KK, preventing their ssgnaling patlsys progeession and
scorvation of nuclear Gemr-kappn B (WF-cl) ind senvator progein (AF - 1. Wine palyphencds miy
jprevent inflamssaiory namor necrosis Tacior slphs | THE-a) THF recepior (TMFR) or bpopolvsaschande
[LPS1Anlllike recepaor | TLE) sgnaling oo 1KE ishibiting the lxBe phosphorylstion and futher
degradancn, ths preventag the o0 mnd phs dmess from compleong ind Toming e N F-aE
Lcewnse, MAPE onises signaling aad thear doom-aream, exirbos lolar signal -selacsd ksee (ERK )
end pemsinad kingses JH K and p33 e abuo blocked, prevenzing the phosphorvianson md furdes
enmplewation of c-JUM mnd ¢-FOS in AP-1. As these two pivotal inflemsetory rensenpiion facion e
inscervated, the ransenipeon of inflammetory genes |2, THE-g, IL-6, IL-E, [L-15, wad monoone
chessoanractant protein (MOP)-1] ne lofger oocurs, this ceising the sflammilion progess
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Besiden, other markem of inflammation, inclnding THF-2, IL-1§, IL-5 and MCP-1 {alw
invohsd in atherogemic processes], bave Eieaive been dewcaibed to be affectivaly mbibited
by quercetn om severe] acivaid macrophages mch as RAW 3.7 or PBMC macrophages
[4, 23].

Additicnally, both quercstin 2nd cyanidin motably redoced NF-«BE cxpreszion and itz
hinding to the DMA, as well as the ERE, - and p38-MAPE oxpression, hencs mmparng bath
NP8 and MAPE sigzaling pathwarys on stiesalaed HAFC calls [22, 25).

Cithar wize's minor phenclic compoends bawe also besn meported for their anb-
inflar=maiory capacities. Exzmples of thews are myricetin, kaspspdurcl, caechins, feralic acid,
commaric acid and memy others which have besn descodbed for their ability to inhilbit and
interfoe with many mflammation mediatens, e, COX, LOX and iNOE snxymes, NF-x8 and
MAPE sigzaling pathamrys and even sohance ant-inflarsmatory cytokizes. such 2 IL-10 [4].

Eesveratrol

Motably, resveratrol (ancther minor phemolic i med wine) has besn atmacting lmge
aftention in the sciemtific compmadty dus to it mnguestonsble geat potental [26]. This
phenol & mainly present in grapes skin (red omes) and sesds. Therufors, becanss of the
removal of the ikin and seeds before the frmentation of the white wine, resvuratrol i omch
sbumndant i red wimes as compared to the white ones [27].

Many stedies haie besn frgeting and demnonsiating meweratme] promising  anb-
inflap=maiory propesties on mnmune cells.

Martimez and Moremo [2E] asayed the imfhiencs of resveratmol i the prodecmg lewals of
tae meacve oxypea species (ROE) species oz phorbol estrs (PAMA) or LPE-stinwalated
murize resident paritonsal macropkazes. The mthom comcladed that the levels of saparoxides
radicals () and hydrogen peroxds: (H:04) wers significantly redaced. Morsover, thery also
repored 2 maried decreass of the lovels of ['H]-arackidonic acid and on COX-2 acthvity,
owwrall resulting in a considerable reduction of the prosmgiandin synthesis. Farthereors, this
slbens was alse shows fo suppress the prolfuration of splenccytes from BALE© mice, &
well as their differentisticn inte macrophages and T- or B- calk.

Momeower, CLZE and CDED wxprecsicns were notbly dewn-regalated whils the IL-10
anti-milarmatory cyiokine prodection was stimmiated [29].

Recently, furthar assays om LPS-stimmlated RAW 264.7 macrophages showed mors of
the mermmi] capacites, mmsly i ability to not only mhibit the MO and THF-0 secrotioms
but aleo to down-regelate the exprecsica of THF-o, IL-1p. IL-§ and iIMOE genss and, mors
importantly, to inkdbit NF-«B actvation, as also demsonstrated in beman embryonic kidney
tells (HEE-23T). Since WFEB iz msponsible for the expression of severa] pro-inflameatory
Eengs, ih inkdhition conoitetes to the down-regalatics of the mentoned genes temmeives
[30].

The intensive ressarch focusing on meverame] alkady allow us to comcnds that i ans-
inflammadory effects cam ocour in distnet inflameatery conditions.'diseases, affectng the
lizmg, bowsl arbculations, tram and especially the circalamry system. For example, in an
amiral model of asthma (2n chstracthee pulmopary dizorder cansed by an excessive T halpar
2 (Th2) mnflameatery ecponss), the treatment with revveratrol cawsed the atenmtion of
mumsrons mflammatery paamsetern. mckading the medaction of the plasea pro-inflammatory
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cytokizgs [L~4 and IL.-3, airway hypamsponsiveness, mmoms ypenecetion and sosinophilis
[31]).

Momsowar, this stlbens has been compared fo the well-knows drag budesonids, due to
ther clowe effects for the rednction of the seutrophil recroteeat, inkibiton of THE-g, IL-LE.,
mysloparoxidace (MPD) and cytoki-ne-induced neutrophdl chapscatmactant | (CINC-1), 2
demonsirated oo LPS-teated mice. Also, despie Bimell at al. [31] showed a low impact of
resvaratrol I COX-1 or COX-2 guno expreszion om the beng Hasue, 2 significent medaction ca
PGE; lenvels vas registared, sappecting that this phenolic can act oo othar snrymes imrohesed
in the prostancid production and'or mlexse. Becides, 2 smdy parformed with mean airway
spithelil colls comcloded hat msveratrol interfore with NF«E actvaticm and COX-Z
sxpracsion, as well as with fhe INOE sxpression and the mlesase of the cytokimes [L-E and
grazmle-cyte-macrophape colony-stxmlatmg factor (GMM-CEF), thus impairing the production
of new granalocyies [33]

Advantages of msveratrol oo mdlammatory bowel dissases kv alio besa described i a
stady parformed in lmman colen cell lings of Cace-2 and in SW4ED. O=ce exponed to LPE,
both cell lnes, previonsly meated with reveratrol, presemied 2 dowe-dependent inhihiton of
N0E gither cm mBENA and protedn expressiom Additionally the Toll-lke meceptor<
[Tespomuible for acthation of MAFE smaling pathcay) expression was observed o be
sigmificantly lowarsd after resvematmel teatmant [9]. The authors reported that this could be
dus to the non-scthvation of the NF-B. since they obsanced that the phosphorylation of the
IxB was impaived [34]. These resmlt are in agreemant with thoss mported by Ciancinlli et al
[35] whor ako described the reduction of COX-2 mBEMA and prote:n expmssion (z=d
consequent decreased PGE: prodnction) om LPS-challenged Caco-l cells tested with
resvaratrol, as well as @iz mhibimry effects ca B phesphorylation and NF-«5 acthvation,
spacifically on hefe and péi-mbemit of NF-xB.

Fegarding rheumatcdd arthritis, a sysiemic antoimerene disesss characte-rized by chmomic
inflapematicn of mmltiple joints mslting i &e destuction of jeint cartilage [36], it was
sugpested for the St tme by Elmali ot al [37] that nta-arficelar injection of moveamel
could protect the cartilage agaimst the developeneat of induced asthritis. This hypothesis s
corroborated by a recent stedy mporting that colbgen-indeced astheitis pvice treated with
resvaratrol hed thelr mflampatory condifion rapidly and sigmificandy redoced afer the
application of a second dose of this shilbens. Whils explenizg thess romits, it was obsarved
that the levels of collagem-specific Igz] and Ig=2a (but not the totl kaels of these IgGs)
wirw markedly reduced compared fo the controls, suggestng that the meveratrol meatmant
salectivaly acts against collagem-specific B-cells rather than pemeral B-oells.

Additicnally, a relevant redection of the ThLT el wxpression oo the daining hymph
node was ako ooted and, accomding fo the semum cyiokime level assessments, the pro-
inflamenatory cytokines IFM-y, THF-o, IL-4, IL-]1 and IL-% wem substantally decreased,
whils I1-17 exprecsicn was practically muTlified oo mice after resraratrel treamext [36].

Fesvarvirol has alse beon demomstated to hawe an impostant role in brain diseases,
particularly affecting the microgla.

Crewrall, msvsmatrel-medisved nourcinflarmatory profection can be essantia Ty sxplained
by fmes mechamizess: (1) mbibition of BOS productiom; (2) MAFPE sigmal tramsductiom
pathrarays seppresaion and (F) suppmession of the MF-+8 sgzaling pathwrary acthvation [39].

The mmoain neerom] ROS-producton syntem is MADPH osxddese, which comiribuss to
omdetive  sivess condition and plon 2 cmtice]l whe @b faeomabos-induced
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nwrodegemeration. This sozyme has besn demonstmted to be mbdbited by mevsmamoel
Tesulting in a reduction of RO levuls and proventing LS -challenged microghia from further
stimnlation and acthaton of the inflampatery MAPE and NF-+8 sigmaling pathways [40].
Momover evidemces point that resveratrol can Hkewrise directly misrfome with ceotmal
inflammatory melecules, Impairing thedr comect signaling transmission.

Thiz bas been showm by some awthor St mported the opaimmeat of the MAPE
stgmaling pathwary by sappresing the phosphorylation of ERE, 4, p3b MAFE and TNE, and
mom importantly, the phosphorybhton of iBa [$0-22]As 2 mesult, the prodoction amd
functicaing of pro-inflammotory sorymes and medixtors mchnding INOE, COX-2, PGE,, NO,
IL-1§, IL-6 and THF-o 2 hempered. by mesmematol, reducing the stomlaton and activation
of more microghial cells and preventing inflarsmation [43, 44].

Finally, msverate] b besn dewcribed to sxhibit mreat benefSits on corezary huart disease
{CELY), in particalar in athercsclerosds, that is an arery mffansmatory dissass and also the
most mlvant CHD. A reseme of the potential benefical effects of msverntol (and other
phemolics) in the typical celbalar svents of athercwclercsis is representsd @ Figure 3. Smdies
revsaled that renveratel antioxidant propesties ame cmcial in preventng the bow demmity
Lpoprotein (LDL) oxidation This event thus blocks the tiggenng of the eodothelil
dysfuncticn and ity consequent demgulation of N0 productics and wasoconszicton, & well
a the expmession of the adbesion molecales and further adhesion of the lenkocytes to the
sndothelimm [16-18]. Resveratrol has besan foend to up-regulate, in a doss-dependant manner,
the sndothalial nitic oxide synthase (MNOE) mRMA expression co lmoan umbdical veim
sndothelizl el (HUWEC) and ther consequent MO prodection [45] and oo meduce the
adherance of human mompcytic calls (TEHP-1) o the same LPE-challenged sndothelmm call
lizg for pvome tham 50%% [46). To better endervind thess mesults, mswretol effect o the
sxpreqsion of E-wlectin (primarly mespopsible for the initial momocyie adbesion to
sndothelimm) was svalsated leading to the obsematon of a significant doss-dependemt
redaction of the adhesion molecnls resaltant from the weppresion of #ts gens sapression [26].

Crthear inflap=matory markers are influsnced by resveratrol during this phase. Criszar of al
[47] found that resveratre] could also dimimish the adhesivensss of THP-1 cells to THE-o- or
HiOrchallunged HAEC cells. Mo impostantly, the anthors reported that in THE-z-
stimulated THP-1 calls, the Teament with resveremol cansed a rednction of =35 oo the
acthation of NF-«8 and co the WNF-«B-depandant imflarematory markers inchiding iN0S
synduag, IL-6, ICAM-1 and VCAM.

On the fatty soeak stge of athercsclerosiz. the recmited macrophages smgulf the
oxidized LDL (oxlDL) and migrate to the ntieal vessel layer [48]. Al this stage, renrwmimel
bas tsan shown to be a very sffectve regalator of cholestero] bomeortasis baving the abdlity
1o meducs the cholevkrol influx and enhance cholesternd] sfftux of 1774 pacophages

Momover, e caidative sirews induced by Felmcorhate ion cansed oo thess same
macrophages a blockags of apod-1 (apolipoprokin A-1) and HDLrmedisted offfux ahdch
W Tewarted, in a doss-dependeat manner, on resveratrol-preteaed macrophages [49].
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Figore 3. Wine and virge olive ool (V000 s phenolic compoomds myy interfere s seversl sieps of

tevca beinne: peogresinn. Dunig the st siges of the pioces these oo poindy pesveil the
odussoe ol low density bpoprotes cholesteenl (LD} into s ossdaoed Tonss (ool DL )t in ern will
no onger el wnd deregalae endothedssm Saneteon. In an cndothel iunm devsgulanon soemng, wins
end WXV compounds prevent dae over-expreseon of aihesion molecles (CAMS) i well 25 the
macrophigges ol DL vptalke, dear sl besion oo the endodselios and msgrabion io de vese] sbmal
loryer. Morecvver, wine and ¥ 0K 8 plenole: compousds may up-segulae high dessivy 1

cholesternd {HDL) kvels that in s will imsrser wids the Lipiad bidsn sacrofhaipes in te somal layes,
oot their cholesmenod effien. Besides, by interfenng with the: pro-anflammatory eniymes gnd
ke |indurdble mone oaade synthass (NOS), monocye chemnairasiant prodsin (MUF)-1,
imierisulos (1LJ-1, L5, i mecnos Seior [ THF-a de |, the compounds miry prevent the

recnatment of other eukocyies, thim blocking the infamsiony peogress. On dee bier stages of the
infirvesassce VUL 3 phenols plary s exinensly sapornant protscove role by inhebassg the sxpeession
af seversl mardess [menillopeteinese (MMWP Y, cveboooy pense (D032 nd e denmatnve prodiecs
s an deevembaanes {THAS) and prostaglsding (FUEs)], end tes influsno: on the atherons ropars

and furthes pluleles sigre ganon U SXFRYESATOnN

3. VIRGIN OLIVE OIL

Alemzside with the red wine, virgs alive odl (VOO is oz of e prime ingredients of the
MiDHat and cxe of the gt contribetors for its eemeficial properties [30]. In fact, VOO is the
main source of faf in MDiet, and it kas besn claimed to have severz] besalth bsnefts,
partcularhy thows melakd to CHD and atherosclaross inflamsmtory processes [11].

As VD msalts fom the frst pressings of the obves without wsing amy kind of sohesats,
many of the phenelic compounds present in the fredt {e.g., bydroaytyrol, fyrosol, vamillic acid
and cleuropein) and their degradation compoends are partially drawn within the ol [ 30].

Stdiss condncted @ms far bave depwexctrated that the V0 s heakh bemefits are mainly
rasociated with ik nichness in mono and pobymsamrated fatty acids (MUFAs and PFUFAs,
respectialy], plus fo the odl's phenolc comstitesnds [32]. In fact, phemolics are the VOO s
Ersabest contgibetor for i and-inflameatory properties, apabls of medncing the sxpmssioa
of pro-infla-mmatory cytolines, mhibiting the activity of LOX and COX-2, decreazing the
production of adhesion molecales and sicosancids derived from amachidenic acid and, more

importazily, Hlocking &s NF-«B actvasion [33].
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From al] the V00 s phenolic compommds, ydroxytyresol is endoubiedhy oo of e key
slezcats iz the mgulation of the iflammatory processes [H]. In this context, Zhang et al.
[54] showmred that the: expostme of THP-1 calls o ydroxytymosol remardabhy snppressed LPS-
indored WO production and TWF-o mlease. Activities of iNOE and COX-2 phos their
cormusponding e BN A tramscription were also mbdhited by thiz phemnlic.

The latkr manlts ae supporied by thowe of Richard ot al. [77] whem additionally referred
that the teatment of LPS-indeced BEAW 264.7 cells with hydeoxytymosc] diminiched the
secution of cyiokings IL-lo, IL-1f, DL, IL-12, ThiF-o, the chemckings IFN-y-induced
prowmiz 1] (P-109, MCP-]1 and sven the geze expmessicm of IL-lo, IP-11, zmcrophage
inflaremainry proem MIP-15, marx metalle-protkimase-9 (MMMMP-%), and proviaglandm E.
syndzs. The authors further concladed that thess romls wers, @ pant, a coasequeacs of WE-
¥5 pattmay impaiment by hydroxytyzosclin fact, this theory comobortes previces studies
that linked the Epdrosytyrosel azti-inflapsmatory properties o its ability of preventing thae
NF-+8 acthation [58].

Howuver, bydrearyiyrosoel is mot the only rexponsdble for W00 s bealth benedits. Viwiok o
al. [57] eported that both bypdrexytyrosol and oleuropedn were better BO035 scavenges and
inkdhitors. of platelet aggregaton than butvlsied vdroxytoleene (BEHT), which is a well-
kocws commarcial amtioxidant Furthemmers, bydmaytyroscl, olsuropein, afeic acid, a=d
tyroscl ware thown o lower leukotiene B, lewls 2a 3 meenlt of 3-LOX iphibiton on mt
peritensal kalocyis [38)], while co human blood cultees, the IL-1f o PEG: productcn
wem significanty mdnced by olemopein ghycosids and caffeic acid or by kaszopifeml
repectvely [39].

Momeower, similasiy to hydroxytyzoscl, olsuropein iz alse able to hamper the NF-«B
iigmaling pathway caming the blockage of ofer inflarmsinry processes depandant om this
tmscription factor [60].

Olsocaxthal is ome of the VOO s phenolics that is baing target of interest in the recant
yuars due fo its song ant-inflameatcry capacity. This e 2 meckanizm of action closely
similar to that of the well-known theprofan (3 strong commercial anS-inflameatery drag),
ie., I negatively mmactk on prosaglindin and teoosborane hicsyothesis tronghoms
inkdbition of both COX-1 and COX-). Fothermors, for eguimelr cooceoimaticns,
oleocamthal was proven to ke even more effsctve than ibuprodfen [50, 61].

Becomse of its parttcular composition, VOO is a steag edible tool agaimst certain diseases
m It is the caws of Inflameearory bowsl dissases (IBD) and especizlly atharosclerosis. The
latter protecticn has been closely sccized to the cdl s phezolic conposition. v vvo smdies
reporied that indevidnals wehmitted to a dist based in phemolic-smmichod W00 had thair levals
of LDL decrezisd while that of HDL were increased. thms improving the lipdd effiux [49, 62].

Cloce more, bydroaytyrescl azd oleuropein phy an tmportant role @ atsresclerosis
preventve affects (3es guneml reseme m Figore 3, acting on the vascaler endothaliem calls
Imdesd, dus to their polknt azticxdast activity, the tao phemclics wwre shomm to prevent
endnthalial dysfnction of HUVEC and pelmezary artery endothalial calls, restraning forther
R{4S producticn and MF-B actiaton [53, 64]. Athervicleroais progmss is associated to the
overexpmssion of adbesion molecales (TCAM-1, VEAM-1 and E-salecting in erdsr to recrnit
more lsukocyies [§5]). However, according to Diell” Agli et 2l. [66], HUWEC calls teated with
oleuropain, hydroxytyrowcl azmd bomownidlyl alocckiol demopstamd that the fwo fmt
polyphencls decmaed the exprussion of ICAM-1 and VCAM-1 (serface and mBENA), whils
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hopsonamilly] alcohol mdeced the oell serface sxpression of the thres adbesion molecale
despi® not affecting Sedr mENA Jevals

Finally, the aforumentiomed shared abihity of bydreaytyrosol and oleuropain to memain
MMP-8, SCOX-I actvity {and conseqnent sicosanoid synrhesis) and plaklet xgpegation i
sxtremely impormnt durng the later stages of atheroscleross, particularty on the aremal
thropsbouls events which amu closely mlafed to theve mazkers [34, 67, 8E).

From the IBI, nlcemtive colitis it one of the most common inflammainry conditioms of
the bowel, cherackrired by a diffise mmeosal mflammation limdied to the colon [§5]. Soomg
impaimment of the bowul inflameation b alie been comulyted to VOO = phenclic
compoends. In mire modals of coliic submitted to a dist of V30 s phemolic eoriched
sxtracts, it was observed a sipnificant decreass of the expression of THF -0 and COX-Z, iN0S5
and MCP-1, as wull as the reducton of IkBa desadation and inacthation of the MNE and
pIE-MAFE, overall remlting in & decmaced NF-«E and MAPE signalting [70]. [n agresmsant
with the Lxter reanlts, Sanchez-Fidalgo ot al. [T1] reported that colitts-imdnced mxice fed with
hydroxytyrovol <omiched VOO not only mduced iNOS and COX-I capression and p3E-
MAFE acthvation, bt alse anhanced the misass of the andi-inflampeabory cytokine IT-14, thes
sEpesting dat npdrorytymosol i a ey Sctor In the modnlation of this disease.

Olsuropain axti-inflameatory properties are alse seocixgd to bowal dissase as this was
demenstrated to reducs the prodoction of IL-§ and IL-10, and the expression of COX-2 and
NOS, whils imcreawing the IL-10 kel [72].

Momeower, meatment of colitis moice with clesropein comsed the wirels-meoms nedocton
of plB-MAPE phosphorylation and NF-«f activation, fogether with a remark somniation of
Annoxin 4] prodwection, which iz a sirong endogenous anti-inflarmatory agent acting by
inkghiting C0N-2 and iNDS in inured colen tisses [72].

Despi these mwo mflarmatery conditom: wham VOO is clearly imwelved. it iz also
clximed that the ofl exerts beneficial effects n other mffarmtion-relaied diseases. It i the
aw of some cancars where inflamma-mry conditions kave besn estimaimed to confabute
13-20%: for the develop-ment of phencmeza related with alll fypes of cazcer [73. 74].

The anfitemor actvity of VOO wem demonstamd i oloemtive colitis molamed-
arcinogenesis C5THLY mice models, that presemied a mimor mmber of dywplastoc
macrocopic ledms, accompanied by a mdecton of the cytold-nes THF-z, IL-6 and TFHN-y,
2 well a5 a decrossed exprossion of CO%-2 and IMOS in the colomic tissme [75].

Again bpdroxytToccl amd clesropein hawe bean recognized for their cell sureval
medulatory action by mechanioms that imclade the decmeased of 5-LOX axpmusiicn, mduced
synthesds of provizglandin F; and alwmaton of tamor sicosanoid biosyothesis. Also, apopinsiz
proowtion and prevention of omids-tve DMNA damage have besn atmibmbed oo these mro
phenolic comsprmnds as concluded from smdics i Imeon temnr-call lines [T, 77

Farthermoms, inflarsmedory angiogeness. a key element Sor the fmmor growth, bas been
suppressed 2 a consequemca of the MMP-T down-regelaticn, together with the reduction of
ED5 and inhibitiom COX-I exprewion in culmred sodotholial cells toated with bosh
hydroxytyrownl and oleeropain [TE].

Altwongh soarcely smdied, wome sxperiments kave almady bean published rwporting
VOO s peurodegemeretive protecttrs effects. According to Pamr-Lopes ot al [79],
comsumption of Vi wignificantty improved learning and memory of Alrheimer dissass mice
modals SAMPE. Moreowar, oleocanthal afnmementinned for its CO3-1 and OO0X-2 inkibisory
propertiss, is alvo able i counteract the synapses loss of fonction and neemofiteillary ongle:

Complimentary Contributor Copy




100 Marcels D. Cataring, Torge M. Abmis-Siha, Glivia B Persdra st al

cawsed by framoylodd olisomers and of Shrillization of tee-protein, mspectvely [E0-E31]
Basides, by forming & non-covalent complex with f-amyloid peptide, clewropein cam prevent
Af-zzmegaton resuling in a deceaed depoaiton of these neurcdomc molecules [B4].

4. HERBS, VEGETABLES AND FRUITS

The MMediecransan amea bz a vascular flora of about 25 000 species, bod = wild or
caltvated forzm, belongmg fo distioct fapsilies [£3]. o this way, several plant species ame
inchrded fn MDict and commmed as vepstables, froits, culmary spices (In Axvorng sabds
soeps, stews and sweces), and herbs (e.g. as ingredient of dishes or hecbal infmsioms)
[B4] Motably, soow of Sem bovre besn proposed to act 2u bensScial agents in inflhrmatory-
rebited dseases (p.g., atherosclercais, rhommatedd asthritis, asthma obesity, disbetes,
neurodesszarative dissases and sven cancer).

As previcusly mentomed, chenmical e varro tests for 3-LOX and COX-2 ar romtizsly

nsed for assessment of ant-mflapematory activities. Bassd om that, Trowllas et al [E7)
conchnded that froes sixtesn Franch hydro-alocholic plant extects, thess obteined fom
meadrwrwest (Filipendils wimag), lady's canfle (Alcbemilly wilgpers) and rosemary
{ Fosmaramme officreedy] wem the most effective m mhibitng LOT, with an ICw about 05
mg'ml.
In other study, Fhasaameh ot 2l [BE] repord a particular low I, walne {141 pg'ml)
for the iphibiton of LOX by 2 pleoclic sxmact from the aedal part of lepiederia
prrmechmicg, that is a plant teditcaally wied o Medik-measan mgon I the treatmeat of 2
variety of inflammation-ralated disoass.

The general anti-nflampatory actviy of some typical Meditemrencan plants and Sruits
baes alio bean accessed m biological modsls such as the i v cultee cell line kukooyies.
Total mhibition of LOX activity wes regivired in mt pobmosphemmelear by Pricto amd
colisagnes [B9, 0] upon the oeatment with mefenclic sxacts of the plaxt speces Cyerms
agecdicnes (at 300 pg/'ml) and Tnaees richand (2t 5 peiel). In thess sxperimentz] conditicos,
the tara extracts also dgnificantly inhibited eukotrisns B4 prodocticn. Mersoner, other study
repored mmarkable megative offects of phemolic-samichked exmmacts of cinDamem
{Crrmemaomum sepdzuncum]), pemeg (Mo fragrans) and clove (Eugema aromancs) on
COR-2 activity and syndeads of prostaglanding [50].

Algn, the plant species Migellr smna (e, mumdn, msed in sewml Meditmmmeas
commizies for calinary and medicinal purposss) kas besa shoam to midhit nithc oxides mlease
with am Il of 20 pgml, in LPS-timulaied macophzge medsl [P1]. For &e same
biclogical modsl, Muller and collszgues [92] also coocluded that the extracts of (loimmm
beniicum (basd) Lawres nofis (tay leeves), (Aivgemiuzs globra (lcodcs), Crigmmes omiies
{meganc), Satva offcinals (szge) and Mnwmer vaiperes (thyme) could mhibit the production
of L~ or THF-o and the expmessica of COX-2 or V035, while eobancing the prodacton of
IL-10. Moreovar, the decremeat of IL-B lovels was docemended for HoO-stimulated hemam
periphsral blood lymphocyies (FBL:) co-moubated with nococksd, cooked or digested
sxtracts of important mgredicnts | MedThiet enlnary, namely Rommarimur affcrmals, Sahva
oficoeniic, ad Thwws vadparis. Part of the anS-mflammatery effects of Roswmaromus
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officneriic and Safver officmeaiic ware atmbuiod to their conmnf i rosmaniwic acid, camosic
acid and camosal [93-95].

Interfuremce of fypical Meditoransan fraits oo genoral inflansmsdory mechanistic evants
bas alic besn reported in distimct tdological peodels and farther associated to ther phenclic
compodton In this content, phenclic extracts of Capwcam anmunm (chili pepper) azd
FPemersa officneriis {allspics) cozld reduce the production of IL-5, moees the prodecton of
IL-10 amd decreass the expression of C0X-2 in a Bpopolyseccharide~stmulated macro-phage
model I tem, Fiper mgrum (black peppar) and Arsoca fragrares (owinwg) phenclic
wxtracts redncad the expressicon of COX-I and the prodnc-tion of IL-§ or THF-o in e same
sxperimentzl peodal

With wxception of the Lafter species. the remaining could nhibdt the expmssion of INOS
[#2]. Also, phanolic extracts of apple (Adafs domenios Bookh) were described to redncs the
producton of [L-§ and the sxpresiion of COX-2 o the previows mallular medal [94].

Fawr edama induced by carageezan, histaming, deximan and car edema indweced b toxics
3 croton ofl, arachidesic-acid and xyiens [R7-100] are major m weo meodels Sor assessing
inflansmadory actions of plant and'or fmit extracts.

In this way, distinct extracts of Lowisew plants. namaly L. porpanioum subsp. nemgoaee,
L. parpescum sobop. pulclrwem and L. parpureums vz, peepurenm bane demensmated good
anti-nflanematory activities & cama-pesnan-induced prw edema model, cawsing 3 redncton
of the edema of appro-simately 12 to 30% [101]. Furthermors, in the same i ve model, Lo
and collsagnes [102) showed that an hydrosthanolic extact of Leomurner sibimcus {siberian
metherwort] conld suppress the activation of inflameatory media-tors.

In twm, mmhibiten of the czodfon cd-mmduced sar edemna i poice modsl wes wsed to
wralunte topical ant-inflammatory activity of several distry Moditermanean plants sech a
Mertar ytwestris (Ballow), Rorggo oficmefs (Borage), Cappeny siowla (Caperl, Faphees
raphanteerum (Radizh) and Menrhe sguetaca (arater pxint). These plexts are traditonally nwed
in local medicing for the teatment of sxiemmal inflanvmation and =ffapsmatios-related
disgases. Ovarall, the bydrosthanolic axtracts of the cited plant species provided an nhibiton
of 21 #o 27%, with the best remit being ohduined for watkr mint, o accordance to ifs best
antwoxidant activity oo DPPH scoveogimg and Upid peromdaton test [103]. Al
bhydrealcohelic extracts of the edible plant Clchorsm fapdur L. {chicery), Papaver rhioeas
L. (poppy). Lopedieem satreurm L. (cress) and Fchmer wilgare Lo (vper’s Bagloss) provided
18% to 43% of wdepa reduction in the same modal [104].

Similasly, an sxfract ohtained from the species Bear's Bresch (Acantoes sontoms) ie. a
shrub widespread in Ballans, Romania, Gresca, Eastem Meditermancan and Afnca, has besn
reporied to effectively mhibit (37%) topical acute edema in the monss sar-esdema modal and
to suppeess the dewslopment of armte eduma of the mt paw-edera modsl, o a non-doss-
rebited marmer The same stedy also showsd that the ewiract could omhibit vascolar
permsability and the haemolysis of red blood cells [L03].

The decneented ant-inflammatery afects of fpdmal Medinranees futs @ o vie
modals am scarce. 54ll, important dits bas been described for Pumico proenwe Lo
{pomwgramade), which is commonly consemed n Medinrmanoan diet and nsed as therapentic
and coumetic agent.In fact, besides it capacity of reducing MO lewvels in macrophages, this
frait wan thown to decrease camagsanan-indnesd mice pawr edema [108]. The sxthers bave
attributed the anti-inflanematory affects of the sxiract to the kydrolysable tannins penicalagis,
punicalin, sirictinin and specially granatin B [106]. Moreower, sty parformsed by Shukla and
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colloagnes [107] showwd tiat the plazea sample obtmined afier oml adenistaton of a
poelyphemol rch extract of pomsgranate in rbhits inhivited ®e actvity of COX-2. Sipwilar
conditions also meduced IL-1f-induced PGE; and NO' prodocticn m 2 mbbit chondrocyie
calnlar modal

Alhongh stll e, stedies performmed in mom specific models suggest St wome of the
Miedimransan dist components can connteract inflammatory-relakd diseaces. This is &e case
of a Foamoroms officnaltis phemolic sxtmact, which bes been shown to exert potent anfs-
inflar=mmaiory effects (prewenting swrelling and decreasing the infikmtion of meutophils) i rat
sthanol-indwced gaetric wloer model [108]. Additomally, = a plenrsy-momes model induced
by camagesnan, phemclic exmact of Roswarrews offficreciy inhibited leukocytes a=nd
sandation, 2 well as the pro-infhmmatery enryme eyeloperomidese (M) and the levels of
nithemitatn, IL-1f 2nd THF-2 [108]. Even mom, an antathercsclerotic sffect has also been
msociated to Rosmarmms affcrnaitr-phenclic sxtmact due to s ability In comnteracting the
mizratom of vascular smocth mmscle calls and to decess BAP-2 and MOP-1 axpreszions.
Iz thiz cass, e baoefts were ausociatd by the anthors o the prosencs of carmosic acid [110].
Plus, the intestinal axti-inflameatoy effect of bydroaloobolic wmetracts of Phiomis feofrurs and
Flelomees prerpurea was chsarved by Algen and colleagass in a rndtrobeaze-nesmlphonic acid
{THB%) modal of mat colitis, i, an experimenial model of &e bemen inflameatory bowsl
dizsasa [111].

Protective efects of phemolic extracts o inflarsmatory-asociated cancer conditions were
sgpested for six natve Meditnransan herbs. Specifically, S teatment of THF-o-stieralated
spithelial colon cancer (HT2¥) and prostets cancer (PC3) calls with herbal mfevions of Cretan
marjorzm {({Arparee mcropindiom ), cregano (. wilpare), pink savory (Samerepa feebe),
moentain ®a (Fideriny gemeog]), peonyroyal (Memtha palegraee) or chamomils (Matrcaria
chamomilly) sipnificantly rednred the cellular IL-B kevels. Alse, xfiicions of the laser plant
species conld redncs the levels of NF-xB pSS-wnbmnit in FT29 calls [112].

Protectve efects of fuit phanolic extracts oo specific infhirmatery-disezse modals wars
alio meported. Accordingly, 2 methanolic sxmact of date fmit (Phoenrr dechaera L) waa
svaloated In an adjurant arthmitis in s, a modsl of chromic mflameation. The mamlts
indicated that the extract conld ameliorts the plasma anticxident state (Lo, decrexsed the
levels of liptd percxides while increase the Jewels of vitapyn C, E, A and f-rarotmne) and
reducs foot saulling by approxmately 8%, Additonally in thiz modsl, S sriract sxposurs
ramed a rednction on the activity of COX-1 and COX-2 by aboat 30 and 30%, mspactively
[113,114].

Momeover, the poithe effects of a metionclic extact of pomegmnas om Fatmc
inflap=mmation has ben showm to redece the nlosr index (UT) and e intalumeinal blesding =
sthanol-indwced gastots in mats. Furthermors, the sxtmact teatment indweced the decement of
THF-a levels, whils the redection of sever] ixflarmainry protein levels (o.g., IL-4, IL-5, IL-
1p. IL-19) weme observed in am acsbc acid-induced uwlcar mode] [115]. Similar protectes
sffocts have besn depsomstrated in imdestinal modals [116].

Severa] stodies indicate that soawbermy, L., Fragorsaa r aeeresa Duch possess and-
inflap=madory effects that ame commeonly assocated to the fmit's ellagitannin combent [117,
118]. Concretely, stawbamy fmit uice heas been shown fo Inferfers in oytokine secretion
ratios 2 demomtraed in murime primary splemocy®s and peritonsal macrophages modals
[118].
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Basides to the anticwident actrritios demomsmnd, srvwbary sxmact could reduce, o
doss-dependent manner, the induced aciramr prodsdn-l (AP-l) and the NFB actvity
indeced by UVE or simdecanoyiphorbol-13-acemm (TPA) in TES B+ mouss spidermal calls,
thezs suggestng a chamopre-ventive affect [120].

Cardile and colleagnes haxve conchnded thet the doss-dependent ant-mflammartory sffect
of red cnmge (Curws arewr) on 3 boman keatimocyie e NCTC 15944 aapoed 1o IFM-y
and khistapeing was doe to the docTument on the expmuision of KCAM-l, mweoooyie
chemoatiractant profedn-1 (MCP-1) and IL-8 [121].

Addiicnally, a phenolic sxfract of crange was reporied to mdnce posittee effects om
endnthaliz] fenctinn, mediaied by the decemsnt of high-sensitivity C-mactive protein, THEF-o
and -6 [1XX].

CONCLUSION

Meditearancan dist, charackristic of Mediemncan basin located countmies like Pormagal,
Epadn, Creata, Cypres, Greecs, Haly and Merecos i claimed te be aasociated with several
hoalth benafits, inclnding the axti-indly-mreatery.

In past, this is bocanss hiThist mcledes a wide mnge of freits and vegstbles, as well ax
frait dartvative products, such as wine and virgn olive oil, which are particular}y soriched =
pobyvphemols of prowan anti-inflammainry propertios.

The anti-isflamemainry activities of phenolic compounds inckeds the nhi-bition of WF-«85
acfvaticn, topether with the sxpression deczament of cyto-kines azd chamckings, LOX and
CON-Y emrymes, with compomitant lowermg lewels of prosmplandine, lonkooicnos and
thronsboxamss. Crber meckaniom mobades the decmass of immacellular oxdaths siress.
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